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Motivation

Due to the linear station velocities, multi-year reference frames (ITRF2008,
DTRF2008) do not consider

- periodic signals (e.g. seasonal)
- seismic and post-seismic signals (e.g. Peru 2001 / Chile 2010 / Japan 2011)
- other non-linear signals (e.g. antenna change).

These signals could be considered by

- approximate them with mathematical functions (e.g. sine/cosine, splines)
- applying loading models (e.g. atmosphere, hydrosphere)
- estimate epoch reference frames.
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Motivation

daily (TUM) 7day/28day (DGFI)  24h session-wise (DGFI/IGG)
Analysis of time series |
GPS- SLR- VLBI-
NEQ N} NEQ ~
—  time resolution: daily, weekly, ... — Introduction of station velocities
— time span: 1994.0 to 2007.0 — Homogenization of EOP parameterization
— different parameterization (EOP) — Accumulation of technique-specific NEQs

Analysis of time series GPS- SLR- VLBI- DORIS
TRF | TRF | TRF [ -TRF

Homogenization of time resolution
Homogenization of EOP parameterization ——
Selection and introduction of local ties (LTs)
Realization of the geodetic datum
Estimation of variance factors

Selection and introduction of local ties (LTs)
Combination of station velocities
Realization of the geodetic datum
Estimation of variance factors
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Motivation (7d/28d w.r.t. DTRF2008)
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= significant jumps in north (-29 cm) = seasonal signal in all three
and east (-42 cm) component components (height: 2 cm)

= change of the linear velocity in = amplitude not constant over time
height component

* non-linear post-seismic behaviour
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Datum definition

Epoch reference frames IERS Conventions 2010 (Petit et al.)

SLR origin (C;¢, C11,S11)=0 no translations/translation

via local ties to GPS & VLBI ‘ rates w.r.t. SLR.
v

no scale factor /scale rate

Cor\zgllr;iglstli':s/ \{(ZB(I;;CSaIe —> <«—  W.r.t. mean scale/scale rate
of VLBI & SLR.
4 4 . :
NNR condition over a no rotations /rotation rates
\ ‘ between ITRF2008 &

subset of GPS sites via
local ties to SLR & VLBI gtF;FSZOOS for a subset of
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Datum definition

How could we validate the datum of the estimated epoch reference frames?

TRF (t) J r_ - DTRF2008 (2005.0)

v

ITRF2008 (2005.0)

v,

Validation of the external accuracy of the TRFs by an epoch-wise
7P Helmert-Transformation of the estimated TRFs on the DTRF2008

SLR / combination (GPS-/VLBI-part) > DTRF2008

SLR / VLBI / combination (GPS-part) = DTRF2008

. orientation : GPS / combination (SLR-/VLBI-part) - DTRF2008
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@™» TRFs: translations w.r.t. DTRF2008

'—SLR—VLBI— GPS— GPS+VLBI+SLR
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TRFs: translations w.r.t. DTRF2008

'—SLR—VLBI— GPS— GPS+VLBI+SLR
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comb.
[em] (GPS)
Mean -0.055
WRMS 0.470
Combination show good
agreement with DTRF2008
Mean
WRMS

VLBI-part of the combination
shows an offset in the y-comp.
of the origin.

Mean

WRMS



TRFs: rotations w.r.t. DTRF2008

\ —SLR—VLBI— GPS— GPS+VLBI+SLR
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TRFs: rotations w.r.t. DTRF2008
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@ » TRFs: scale factors w.r.t. DTRF2008
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@ » TRFs: scale factors w.r.t. DTRF2008
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@ » TRFs: scale factors w.r.t. DTRF2008

\—SLR—VLBI —— GPS—GPS+VLBI+SLR|
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Combination gets mean scale
factor of SLR & VLBI.

The mean accuracy of the x- & y-component is about 5 mm, the
accuracy of the z-component is about 1 cm (including annual signal)

- The scale factor of the combination is the mean of the SLR- & VLBI-

scale factor. The scale difference between SLR & VLBI is 4 mm.

@ The accuracy of the transferred orientation from GPS to SLR & VLBI
is about 5 mm (due to station distribution and local ties).
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EOPs: terrestrial pole (x) w.r.t. IERS 08 C04
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EOPs: UT1 w.r.t. IERS 08 C04
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EOPs: UT1 w.r.t. IERS 08 C04
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GPS/SLR provide a LOD which is
affected by deficiencies in the orbit
modeling
correlated with Earth oblateness &
rate of ascending node

= UT1 shows systematic drift w.r.t. VLBI

VLBI observes UT1 directly but not
continuously (24h sessions only on
Monday on Thursday)

The combination of GPS & SLR show drift
in UT1, whereas combination of all three
technigues shows no drift (e.g. CONTO5,

blue box)

More information on the poster:
“Adjustment of EOP and gravity field
parameter from SLR observations”




SH coefficients d/o 2: Cyq, Cr1 & S94
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Conclusions

Terrestrial reference frame;

= SLRis the primary technique to provide information about origin and scale
for global TRFs; therefor SLR is essential for the combination

= The accuracy of the datum realization depends strongly on the selection
and accuracy of the used local ties

Earth orientation parameters:

= SLR pole coordinates have a WRMS of about 0.5 mas (much more than
VLBI/GPS)

= SLR provides an UT1 which is affected by orbit systematics (see poster)

Gravity field parameter:

= Coefficients of d/o 2 show good agreement with CSR results although the
CSR solution contains much more satellites
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Motivation

Earth Orientation Parameters (1)

Satellite Laser Ranging (SLR) is the primary to estimate

The ization of UT1 and LOD is the same in all solutions. Since SLR is not

station positions, Earth Orientation Parameters (EOP) and orbit parameters of tlle
=atc|||r:s together with the spherical harmonics of low degree and order of the th
field. The big effort of the common adjustment of these parameters is the
high correlation of the orbit parameters (e.g. Kepler elements, empirical
accelerations), length of day (LOD) as the first derivative of Universal Time (UT)
and the gravity field parameter Cy. The relation between these parameters is given
in equation (1),

7
. 3 |GM jaunz Cageosi
n el e &
secular

where 1 is the raie of change of the ascending node, @, is the major axis of the
Earth, GM is the gravity constant multiplied by the mass of the Earth and a, e, { are
the major axis, the eccentricity and the inclination of a satellite.

In this study we discuss different solutions (7-day and 28-day arc, one-satellite and
multi-satellite constellation) and evaluate the correlations and the stability of the
estimated parameters.

Solution types
5
5
4 T-dayarc 046 0.38
&‘s 28-dayarc 104 0.75
2

Tab. 1. Mean RMS values fem] of the orbir

et v

v oo e o 2o dwe 0

Fig 1:Fits of the 7-day/28-day orbits of Laeos 1 and 2.
Only abservatians fram official core stations af the
International Laser Ranging Serviee (ILRS) are considered

Fig. | shows the different fits of the satellite orbits of Lageos | and 2. The mean
RMS values are given in Tab. 1. The accuracy of the T-day arcs is at the level of five
millimeters whereas the accuracy of the 28-day arcs is at the level of one centimeter,
Fig. 2 points out that a reduction of the correlation of 3y and £t could be achieved
using longer arcs or including more than one satellite. The most uncorrelated
parameters could be estimated in solutions containing two satellites with an arc
length of 28 days.

'Mwamlam [28-day arc langth.
Lageos 1 1
[
—
e ﬁ n i n
Bl
Fig. 2 Mean correlations of g and 0 for ltite solutions loured) and multi-sarelll

solutions (arange-coloured). In the left part of Fig. 2 the wean corvelations of selusions with an are length
of 7 days are shown, whereas the right part illustrates the same situation fora 28-day are.

able to determine UTI, the offsets are extrapolated with LOD to Oh epochs of a
piecewise linear polyzon. At the mid-epoch of the are, one UT1 value is fixed to a
priori (IERS 08 CO04).

Because of the high correlations expressed in equation (1), errors or non-modelled
perturbations of the satellites systematically affect the estimated LOD and the UT1
values respectively (Fig. 3).

19 2000 2002 2004 2005 2008 2010
vear

Fig 3: Accumuiated differences of UTI wrt IERS 08 €04 overa time span of 16.5 years. The individual
salutions of Lageos | and 2 with an are lengt of 28 days are not displayed {see Tab. 2).

Fig. 3 shows a systematic drifi for UT1 w.rt. the [ERS 08 C04 time series. Tab. 2
summarizes the different mean drifts for each solution.

Lageos 1 eos 2 (ETCLEP UV R Tab. 2 Mean drifisof
B = UTH finsivf wort. IERS
7-day arc 8.23 17.57 3.63 08 04 for the differsnt
28-day arc -38.02 -26,93 -3.97 solutions.

The spurious drifts of the 7-day arc one-satellite solution have an opposite sign and a
nearly constant ratio which eould be explained with equation (1). Since all
parameters except the inclination of Lageos 1 and 2 are approximately the same, the
sign and ratie depends on the cosi term of equation (1), The one-satellite solution
with a 28-day arc doesn’t show this characteri . Although the mean correlation of
Caq and 11 is reduced by using a 28-day arc multi-satellite solution (Fig. 2), there still
remains a systematic drifi in Fig. 3.

Gravity field parameter

The estimated gravity field coefficients of the solutions with the data of two
satellites show a very good agreement with a solution of the Center for Space
Research (CSK) although the CSR solution contains observations to three more
satellites than the DGFI solutions (Fig. 4).

r10" aaa e 0t Fig. 4: Estimared normo-
wraiml | lized Cyy couefs. The DGFT
| solutians  cantain  only
data frone Lageas 1 and 1
whereas the solution  af

1

H f

; AN

& L\ CSR incluces in addiion

fiad 0 data from Siella, Suwvlete
w6 wmme mm o e ae  me ww 000

17th Workshop on Laser Ranging

Earth Orientation Parameters (2)

The estimated gravity field coefficients of the multi-satellite solutions (Fi; ) are
then, in a second iteration step, set up as a priori values for Cyy to reduce the drift of
the UT1 values resulting from a slightly wrong Cq. The results are summarized in
Fig. 5 and Tab. 3. The i lutions benefit o in this second
iteration step. The mean correlation of Cy9 and @ is reduced to 0.05 for all solution
Types. ",

Ca0 7T onesaie
30 = muisaet

Toge e e

000 2002 204 06 2008 2010
yaar

Fig. 5 Accumnlated diffevenices of UT1 wrt, IERS 08 CO4 over a time span of 16,5 vears. Al solutions of
the second iteration show & systemaric dift in the arder of -2.8 to -3.8 ey (Tab. 3).

Nevertheless, Fig. 5 and Tab. 3 show that all solutions contain a spurious drift w.r.t.
IERS 08 C04. This could be due to the fact that an offset of LOD could also be
caused by a periodically occurring perturbation perpendicular to the orbit plane of
the satellite (cross track direction).

Lageos 1 Lageos 2 Tab. 3: Mean drifs of

= UTI [msiy] wre IERS

e = 08 €04 for the different
28-day arc -3.55 solutions.

Conclusions & Future Work

The main part of the UT1 drifts in Fig. 3 are induced by the fact that the a priori Czo
values of the first iteration step (here GGMO2S, sce Fig. 4) leads to a wrong £ and as
a consequence of this 10 a wrong LOD. If we use the Czq values of a multi-satellite
solution (see also Fig. 4) instead of that we get much lower drifis (Fig. 5). These
remaining drifts have the same sign and therefor couldn't be excited by a wrong Cq
The next step would be to study the relationship between perturbations offending the
satellite in cross track direction, To improve the solution furthermore we want to
introduce other peadetic satellites like Etalon 1 and 2, Stella, Starlette and Ajisai. We
also want to estimate variance factors in the combination of different satellites in
order to improve the relative weighting
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